Background Minor differences in technique may account for the wide range of published normal values of maximum expiratory and inspiratory pressures. The effects of holding the lips while the subject performed a maximal expiratory pressure manoeuvre were investigated in this study. Methods Maximum static expiratory pressures (PEmax) obtained with a cylindrical tube by means of lip compression by the subject and technician aided compression were compared in 20 men (mean age 27 years) and 20 women (mean age 28 years). Results Technician aided lip compression was associated with higher maximum expiratory pressure than compression by the subject in both men (195 v (7) years, weight 63 (13) kg, and height 172 (9) cm, were studied. None had any symptoms or had had any cardiorespiratory, neurological, hepatic, or endocrine illness. All had been instructed on how to perform maximal inspiratory and expiratory pressure (Pimax and PEmax) manoeuvres. None of the subjects was a physiologist and none was familiar with the technique before attending our laboratory.
Abstract
Background Minor differences in technique may account for the wide range of published normal values of maximum expiratory and inspiratory pressures. The effects of holding the lips while the subject performed a maximal expiratory pressure manoeuvre were investigated in this study. Methods Maximum static expiratory pressures (PEmax) obtained with a cylindrical tube by means of lip compression by the subject and technician aided compression were compared in 20 men (mean age 27 years) and 20 women (mean age 28 years). Results Technician aided lip compression was associated with higher maximum expiratory pressure than compression by the subject in both men (195 v We compared PEmax in a group of normal subjects-firstly, with the subjects holding their lips to the tube and then with help from the technician.
Methods
Forty healthy non-smokers (20 men), with a mean age of 28 (7) years, weight 63 (13) kg, and height 172 (9) cm, were studied. None had any symptoms or had had any cardiorespiratory, neurological, hepatic, or endocrine illness. All had been instructed on how to perform maximal inspiratory and expiratory pressure (Pimax and PEmax) manoeuvres. None of the subjects was a physiologist and none was familiar with the technique before attending our laboratory.
Forced expiratory volume in 1 second (FEV,) and forced vital capacity (FVC) were measured by a spirometer with a pneumotachograph (Gould 2800-IBM System) according to American Thoracic Society guidelines.9 A rigid rubber circular tube (internal diameter 2 5 cm) with a small hole (1-2 mm diameter) to prevent pressure generation by the cheeks when the glottis was closed was used. The lips formed a seal around the surface of the tube. The subject wore a nose clip and sat comfortably upright, with the trunk at an angle of 90°to the legs.
Pressures were measured with a digital transductor (Sibelmed-163) with a range of 0 to 300 cm H2O. Pimax was determined from a deep inspiration following a maximal expiration. PEmax was determined at total lung capacity after a deep inspiration following a maximal expiration. Pressures were sustained for more than 1 second.
In the first test the subject maintained the position of the lips around the mouth piece (PEmax S) manually; in the second test, a trained technician compressed the subjects' lips around the cylindrical tube manually (PEmax C). Motivation was sustained by a technician during all manoeuvres. The order of the two tests was random. Measurements were repeated to a maximum of six until there were three acceptable values (that is, values that did not deviate by more than 5% in each test), after which we abandoned the experiment.' '"' There was approximately 1 minute between manoeuvres and 20 minutes between each test. The maximal values of PEmax and Pimax for each test were used in the analysis. Values were compared with normal values,'" and between and within group differences were compared by paired and unpaired t test. Fiz, Carreres, Rosell, Montserrat, Ruiz, Morera (20); 54 (21); p < 0 0002) and was correlated with FEVy (r = 0-51), FVC (r = 0-47), height (r = 0 49), and weight (r = 0 58). The difference, expressed as a percentage of PEmax C, was not significant between men (43 5%) and women (40 5%). No complications from the tests were noted.
Discussion
This study aimed to determine the effect of the manual compression of the lips on the mouthpiece when PEmax is measured in healthy young adults. Our results show that compression of the lips is an important factor in the measurement of PEmax.
Cook suggested that higher expiratory pressure could be obtained with a tube type mouth piece because it prevented unwanted air leakage."2 In 21 healthy volunteers and 40 patients with low, static inspiratory pressure (2 SD below predicted) Koulouris, found higher PEmax values with a tube mouth piece than with a flange type.'3 The tube had a 4 cm internal diameter (ID) and was similar to that described by Black 
